We assess the presence and nature of strategic trading by informed investors in the options market. Specifically, we develop and test a model for the spread of an option that directly captures the effects of strategic trading by informed traders. We show that the underlying stock's spread has an important impact on the option spreads due to the hedging activities of option market makers. The initial hedging costs explain half the effective spread of at-the-money or inthe-money options. For out-of-the-money options, initial hedging costs explain less than one third of the spread, but nevertheless play an important economic role. Rebalancing costs associated with hedging are much smaller than the theoretical values, however. This suggests that although option dealers hedge their positions, they do not hold their positions for long. We also find that the adverse selection component of the underlying stock's spread explains a significant fraction of the option spread. More importantly, contrary to conventional wisdom, adverse selection costs are higher for (the most actively traded) at-the-money or slightly out-ofthe-money contracts relative to out-of-the money options. The results of the array of tests conducted in this paper, taken together, suggest that informed traders trade strategically in options markets, recognizing the trade-off between leverage and transactions costs associated with option contracts of different moneyness.
Introduction
The objective of this paper is to test for the presence and nature of strategic trading by informed investors in the options market. To this end, we develop and test a model for the spread in the options market. Black and Scholes (1973) show that in a "perfect" market the payoff to an option can be replicated by continuously rebalancing a portfolio of stocks and bonds. If the conditions necessary for a "perfect" market hold, then option spreads should only compensate market makers for order processing costs. However, when there are market frictions such as transaction costs, it is no longer possible to replicate the option payoff using a dynamic strategy involving continuous rebalancing. Therefore, option market makers must be compensated for the costs associated with rebalancing at discrete time intervals.
Unlike in stock market making, hedging costs play an important role in determining option spreads. These costs consist of the cost of setting up and liquidating the initial delta neutral position, and the costs of rebalancing the portfolio to maintain the delta neutral position.
Several papers, including Leland (1985) , Merton (1990) , and Boyle and Vorst (1992) , theoretically examine the impact of stock bid-ask spreads on the hedging costs imposed on option dealers due to discrete rebalancing. They show that the option spread (the difference between the prices of long and short calls) due to discrete rebalancing is positively related to the proportional spread on the underlying asset, inversely related to the revision interval, and positively related to the sensitivity of the option to changes in volatility (vega).
The microstructure of the options market, however, will also be affected by the strategic behavior of informed agents. Most adverse selection models of bid-ask spreads assume that informed agents can trade only in a single market. 1 If informed agents could trade simultaneously in both the stock and option markets, however, their behavior would impact bidask spreads on both the stock and the option markets. Adverse selection costs play an important role in determining stock spreads; 2 but, in the options market, the extant evidence is mixed. If informed agents trade strategically using stocks and options to maximize their returns from 1 Easley, O'Hara, and Srinivas (1998) investigate the informational role of transaction volume in the option market through an asymmetric information model in which informed traders may simultaneously trade in the option and equity markets. They focus, however, on the price discovery process, and not the spreads, in the two markets.
2 The bid-ask spreads on stocks compensate market makers for order processing, inventory [Garman (1976) , Stoll (1978) , Ho and Stoll (1981) ], and adverse selection costs [Bagehot (1971) , Glosten and Milgrom (1985) , Kyle (1985) , Easley and O'Hara (1987) ].
private information, and if option market makers cannot instantaneously hedge the exposure of their positions to adverse selection, then they will face the same information disadvantage as the market makers in the underlying stocks. In this study, we consequently examine the relation between option spreads and proxies for adverse selection costs in the underlying stocks.
The advantage of explicitly linking the adverse selection costs in the stock and option markets is that it sheds light on the price discovery process in the two markets. Market(s) where informed agents trade could have important implications for the price discovery process. As Easley, O'Hara, and Srinivas (1998) Black (1975) argues that informed agents might prefer the options market for its high leverage, but Easley, O'Hara, and Srinivas (1998) suggest that informed agents may trade in both the option and the stock markets simultaneously. The empirical evidence on this issue is mixed, however. For example, Vijh (1990) and Cho and Engle (1999) find that option market makers do not face significant adverse selection costs, while Easley, O'Hara, and Srinivas (1998) and Cao, Chen, and Griffin (2003) find evidence consistent with informed trading on the options market. We attempt to shed light on this specific issue by explicitly modeling and estimating the link between option spreads and the adverse selection component of the spread of the underlying stock.
Another important issue that is not addressed by previous researchers is that the options market, relative to the stock market, provides strategic flexibility to informed agents because they can trade contracts on the same underlying asset but with different maturities and exercise prices. Following Black (1975) , the conventional wisdom is that informed agents would trade out-of-the-money option contracts for the high leverage. High transaction costs and lack of liquidity, however, may offset the benefits of the high leverage provided by these contracts. This aspect of the options market may have important implications for the strategic trading of informed investors. Again, by explicitly examining how option spreads of different option contracts are affected by adverse selection, we infer the strategic behavior of informed trading in options markets.
-3 -To empirically evaluate the importance of the different determinants of option spreads, we use more than two million observations on options traded on 573 stocks during February 1995 on the Chicago Board of Options Exchange (CBOE). We find that the initial (delta neutral)
hedging costs explain two percent of the option spread for out-of-the-money options, and approximately 64 percent of the spreads of deep-in-the-money options.
3 Surprisingly, however, discrete rebalancing costs incurred to maintain the delta neutral position accounts for only 6.9% of the option spread, which is much smaller than the theoretical values predicted by Leland (1985) and Boyle and Vorst (1992) . This evidence suggests that option market makers hedge their positions, but they do not have to incur large rebalancing costs either because they may not hold their positions very long or they can effectively diversify their portfolios.
The adverse selection component of the stock spread explains six to 22 percent of the spreads for options contracts with different maturities and moneyness. This evidence (a) shows that option market makers do face significant adverse selection costs because informed agents trade on the options market, and (b) indicates that the option market makers are not able to completely hedge the risk arising from trading with informed agents. Our results are consistent with the findings of Easley, O'Hara, and Srinivas (1998) and Cao, Chen, and Griffin (2004) .
Our analysis also shows an interesting pattern in the behavior of informed trading in options markets. It appears that informed traders choose to camouflage their trading by participating in the more liquid contracts that have high levels of noise/liquidity trading.
Specifically, for actively traded options with maturity less than 60 days, we find that at-themoney and slightly out-of-of-the-money contracts have much higher adverse selection costs relative to out-of-the-money option contracts. For the overall sample, adverse selection contributes an average of 4.41 cents, or 34.26%, to the option spread for at-the-money and slightly out-of-the-money options. For the out-of-money options, however, adverse selection accounts for only 1.29 cents, or 10.05%, of the option spread. This finding is in contrast to the conventional wisdom that informed agents prefer out-of-the-money contracts for their inherently higher leverage. This evidence suggests that informed agents face a trade-off between the higher leverage of out-of-the-money options and the higher transaction costs and lower liquidity associated with them. It is possible, therefore, that the optimal contracts for informed agents are at-the-money and slightly out-of-the-money contracts that have the highest delta to option price ratios (and not the out-of-the-money contracts). These options have the highest sensitivity to stock price changes, and also the highest trading volume which, presumably, makes it easier for the informed agents to hide their identity.
Estimates of our model for the spreads in options markets have some ancilliary implications. Specifically, we find that trading volume has a significant negative impact on option spreads. For example, an increase in volume by 439 contracts (the average volume) will decrease spreads by four percent, which is consistent with larger volume having lower order processing costs. Also, the measure for volatility skew is statistically significant but has very little economic effect, which suggests that option dealers adjust the price instead of the spread to control for leverage effects.
Our work is related to the research on the microstucture of the options market. Jameson and Wilhelm (1992) examine the effects of an option's gamma and vega on option spreads using a sample of the most active option contracts on 40 large underlying stocks. They argue that the option gamma is a proxy for the error in delta hedging, and vega captures the uncertainty in volatility that cannot be hedged. In our paper, the option's vega impacts its spread via the hedging behavior of market makers. In other related literature, researchers have examined the information linkage between the stock and options markets by exploring any lead-lag relations between the two markets. The empirical results from studies by Manaster and Rendleman (1982) , Vijh (1988), Stephan, and Whaley (1990) , and Diltz and Kim (1996) are inconclusive.
Our paper sheds more light on this issue by gauging the adverse selection faced by option market makers. In related work, Mayhew (2002) Battalio, Hatch, and Jennings (2004) .] Regulations of options trading are evolving, and these studies provide insight on how these institutional arrangements may affect option spreads and information flow across markets.
The rest of the paper is organized as follows. In Section 2, we develop an empirical model of the determinants of option spreads. The differential effects of informed trading on option spreads of contracts with different moneyness are also modeled. Section 3 provides a -5 -description of the data, and the results and their analysis are provided in Section 4. Section 5 contains a brief summary and conclusion.
Determinants of Option Bid-Ask Spreads
The voluminous literature on the microstructure of financial markets suggests that the bid-ask spread for a stock consists of three components: order processing, adverse selection, and inventory costs. While it is reasonable to assume that option market makers should be compensated similarly, market-making in options markets have some unique features, such as the ability of the market maker to hedge her position using the underlying stock. In this section, we build and test a model for option spreads that is quite general, and which incorporates the unique features of options markets.
Hedging Costs

Initial Hedging Cost
To hedge her position, an option market maker would set up a delta neutral position by purchasing ∆ shares of the stock at the ask price and close the position by selling the shares at the bid price. This would lead to a cost,
where IC represents the initial hedging cost, k is the proportional bid-ask spread of the underlying stock, S is the stock price, and ∆ is the option delta.
Rebalancing Cost
The initial hedging cost, however, does not include the cost to the market maker of rebalancing her portfolio to maintain a delta-neutral position. Leland (1985) and Boyle and Vorst (1992) provide a method to estimate the expected rebalancing cost in the presence of proportional transaction costs for the underlying asset. Following this literature, we define the rebalancing cost as follows:
where RC denotes the rebalancing cost, v is the option vega, k is the proportional spread of the underlying stock, and δt is the rebalancing interval.
-6 -The rebalancing cost is directly proportional to the option's vega and the spread of the underlying stock, and is inversely related to the rebalancing interval. The expression for the rebalancing cost also has an intuitive explanation: the bid-ask spread of the stock gives rise to additional volatility when the option is replicated. Consider the replication of a long call option.
When the stock price increases, rebalancing would require you to purchase more stock. But this has to be done at the ask price. Similarly, when the stock price falls, the stock has to be sold at the bid price to maintain a delta neutral position. This effectively increases the volatility of the asset, and this increase in volatility would be proportional to the bid-ask spread [see Roll (1984) ]. Also, since vega is highest when the stock price is equal to the present value of the exercise price, ceteris paribus, we would expect at-the-money options to have the highest rebalancing costs.
Since we cannot observe the rebalancing frequency t δ , we assume that it is the same across all option contracts. Consequently, the expression for rebalancing becomes
Adverse Selection Cost Proxies
Several models have been suggested to estimate the adverse selection cost faced by stock market makers. We use estimates from two models to proxy for adverse selection costs, denoted by AS, in the options market (see Appendix A for details). If informed traders behave strategically, and trade both in the underlying stock as well as in the option(s) on the stock, then the adverse-selection faced by the stock and options market makers would be related. We therefore assume that the adverse selection component for a stock would be a good proxy for the adverse selection cost in the corresponding options market.
Order Processing Costs
Since order processing costs are likely to be fixed for any particular transaction, these costs should decrease as the expected trading volume increases. Copeland and Galai (1983) suggest a negative relation between bid-ask spreads and trading volume in the long run, and Easley and O'Hara (1992) 
where VS denotes the volatility skew variable, S is the stock price, and X is the exercise price of the option on the stock.
A Model of Option Spread
Based on the preceding discussion, we propose the following empirical model for option spreads:
where OS is the dollar effective option spread, ε is the error term, and all other variables are defined above.
Before we empirically evaluate the relative importance of the determinants of bid-ask spreads in options markets, it is appropriate to modify (5) to allow for any inherent preference(s) informed traders may have for the type of option contracts they trade. The conventional wisdom is that informed agents should trade out-of-the-money option contracts for their higher leverage [see, for example, Black (1975) ]. This, however, may not always be the case, as there is a 4 Large trading volume may also reduce the need to rebalance the hedging position since it is more likely that different transactions may offset each other when trading volume is large. This phenomenon would also lead to a negative relation between option spreads and trading volume.
tradeoff between the higher leverage of out-of-the-money options and their higher transaction costs and lower liquidity. It is therefore conceivable that informed agents may choose to refrain from trading out-of-the-money contracts.
To investigate where informed agents are more likely to trade, we employ dummies based on an option contract's moneyness. The dummies capture how deep an option contract is in the money, and are defined differently for call and put options. We group option contracts based on moneyness into three categories: in-the-money, at-the-money (or slightly out-of-themoney), and out-of-the-money options. We employ two dummies: D1 = 1 only if an option belongs to the second category, and D2 = 1 only if an option belongs to the third category. The model specification with the dummy variables becomes,
Data Description
We use the resorted Berkeley Option Database to obtain transaction level data on options.
This database includes time-stamped transaction prices, trading volume, and bid/ask quotes on option contracts traded on the CBOE. Transaction level data for stocks are obtained from the Trade and Quote (TAQ) Database, which includes all trades and quotes for stocks traded the on the NYSE, AMEX, and NASDAQ markets. The dividend data are obtained from the Center for
Research in Security Prices (CRSP).
We use data for all the options traded in February 1995, and we impose four criteria in selecting our specific sample. First, we only include equity options. We exclude all index options because market makers usually use the futures market to hedge, and the market microstructure is likely to be different. Second, we exclude all LEAPs, which are long-term options with maturities more than one year. Third, we require that data from the Berkeley Options, TAQ, and CRSP Databases are available for both the options and their underlying stocks. We however 6 A market maker could reduce her risk exposure by holding a portfolio of options of different classes (puts and calls), different exercise prices and/or different maturities. Such behavior would mitigate the risks that she needs to manage through explicit hedging, and this in turn would reduce the hedging costs. We however deal with the hedging costs at an individual contract level, and ignore the effects of any potential diversification by the market maker. First, it is impossible to figure out the actual holdings of each option market maker. Second, as long as there is no systematic cross-sectional difference in portfolio holding for different option contracts, estimates of (6) can still provide a clear picture of the cross-sectional importance of the various factors that affect option spreads.
could not match some option contracts in Berkeley Option Database with TAQ and/or CRSP Databases because of stock ticker symbol changes and problems with the secondary option ticker symbols. 7 The above criteria give us 573 stocks that have options listed on the CBOE. The criteria used to match option symbols to the underlying stock symbols are detailed in Appendix B.
There are total of 182,605 transactions in our sample. In Table 1 , Panel A, we report summary statistics on the dollar option spread, the initial hedging cost (IC), the rebalancing cost (RC), the option trading volume (TV), and the volatility skew (VS) for the entire sample. In Table 1 , and in all our subsequent analyses, we use the effective spreads as our measure of the true cost of transacting for all trades. The effective option spreads are approximately half the quoted spreads, which suggests that a significant number of transactions are executed inside the quoted spread.
In Table 1 , Panel B, we report the mean dollar and proportional effective spreads (spreads scaled by the mid-point of bid-ask quotes) sorted by moneyness and maturity, the two most important features that characterize an option contract. Specifically, to gauge how option spreads and the factors that determine them vary with moneyness and maturity, we categorize all option contracts into 35 (7*5) groups based on moneyness and maturity. Define the moneyness of an option contract as % 100 * X X S − (for call) or % 100 * X S X − (for put), where S is the stock price and X is the exercise price. The cut-offs for the seven moneyness groups are 50%, 30%, 10%, -10%, -30% and -50%, while those for the five maturity groups are 30, 60, 90 and 180 days. The option spreads are positively correlated with moneyness. In particular, the spreads are generally decreasing with increases in moneyness. 8 This is consistent with spreads being related to delta hedging costs.
However, the average spread on the underlying stocks is only 17 cents (see Table 2) compared to a spread of 21 to 29 cents for deep in-the-money options (the first column in Table   1 , Panel B). Since the delta-hedging cost is equal to the stock spread times the delta of the option, we would expect this cost to be zero for a well out-of-the-money option, and 17 cents for a well in-the-money option. Therefore, option spreads are much higher than the magnitudes we would expect due to delta hedging alone. The discrepancy is quite significant for out-of-themoney options. For example, when the option is more than 50 percent out-of -the money, we still have a spread of 8 to 15 cents (the last column in Panel B of Table 1 ) even though the delta ranges from 0.0149 to 0.1265. This clearly indicates that delta hedging alone cannot completely explain the effective option spreads. Table 1 , Panel B, shows no discernible relation between option spreads and maturity, though the spread increases monotonically with maturity for at-the-money options and the vega increases from 1.77 (<30 days) to 9.19 (180-270 days). This suggests that rebalancing costs could be a significant factor for determining the spread of at-the-money options. More interestingly, the proportional effective spread increases from less than 5% for well in-the-money options with maturity less than 60 days (the most actively traded contracts as indicated by trading volume) to more than 80% for out-of-the-money options! This large increase is clearly driven by the very small option price, and is also affected by price discreteness.
In Table 1 , Panel B, we also report the option 'Greeks,' including delta, vega, and gamma. Since all CBOE contracts are American options, we use the binomial-tree approach and the central difference formula to numerically calculate these first or second derivatives of the option price with respect to different underlying parameters. 9 Estimates of the option 'Greeks'
are consistent with what we would expect for the different groups. The delta is increasing with moneyness, and the vega and gamma are highest for at-the-money options. The initial cost to set up a delta hedge (IC) is 0.40 to18 cents depending on moneyness and maturity. 9 For example, to estimate the delta of an option, the first derivative of the option price with respect to the underlying stock price, we first use the binomial-tree method to obtain option prices at
, where S is the underlying stock price, and δ is a small increment in the stock price. Denote these two option prices as ( )
. For dividend paying stocks, we use a continuous dividend yield in our binomial-tree calculation. We use the last dividend before our sample period to calculate the dividend yield for each stock, and assume that the dividend, if any, is paid continuously.
hold the contract until maturity, then the rebalancing cost is 4.2 cents for in-the-money options and 37.5 cents for at-the-money option contacts of 60-90 day maturity. If we include the initial cost, the total hedging cost for an at-the-money option is 46 cents, which is much larger than the effective spread of 14.7 cents. Even if we assume that the dealers rebalance weekly, the total hedging cost for an at-the-money option is still 25.4 cents. Therefore, for any reasonable rebalancing frequency, effective spreads will not even cover the hedging cost if the dealers hold the contract till maturity. In practice, option market makers may not hold a position very long, and may diversify by holding a portfolio of assets. Consequently, whether a significant proportion of the option spread is due to hedging costs becomes an empirical issue.
Three months' transaction level data from TAQ (from November 1994 to January 1995) are used to calculate the stock-related variables. In Table 2 , we report the relevant summary statistics for the 573 stocks. The mean effective dollar spread for the stocks is 17 cents which, on average, is 1% of the stock price. In contrast, the effective spread for in-the-money options, which would be similar to stocks, is 21 to 29 cents. The option effective spread is therefore about 50% higher than the stock spread. Similarly, the percentage effective spread for in-the-money options is from 2.96% to 4.75% (the first column in Table 1 , Panel B), depending on maturity, which is more than three times the spread of an equivalent stock for most maturity groups. In Table 2 , we also report the mean adverse selection fraction of the spread for stocks. We use two measures of the adverse selection component: the GKN measure proposed by George, Kaul, and Nimalendran (1991) and the LSB measure proposed by Lin, Sanger, and Booth (1995) . Apart from the different methodologies used in the two studies (see Appendix A for details), GKN estimate the adverse selection component of the qouted spread, while LSB estimate the adverse selection component of the effective spread. The GKN measure indicates that 45 percent of the quoted spread of stocks is due to adverse selection.
10 Since options are traded on relatively volatile stocks, we would expect this component to be high. The LSB measure indicates that the adverse selection is only 3.18 percent of the effective spread. Since there are no studies that have compared these two measures, we use both of them in our analysis.
Results and Analysis
Estimates of models (5) and (6) are reported and analyzed in this section. We estimate model (5) using aggregated information for the groups, as well as using the individual contracts.
Group Regression
We first group option contracts based on moneyness and maturity into 35 (7*5) groups.
We then calculate the means of the dependent and independent variables of model (5), for each group and for each underlying stock. We treat call and put options separately, and estimate (5) using 8641 observations. 11 The group regression results are presented in Table 3 .
Three versions of the base model (5) are estimated using three different measures for the adverse selection component of the spread of the underlying stock. The estimates in Table 3 show that initial hedging costs have a positive and significant impact on option spreads. The estimated coefficients of IC are very robust in that they vary between 0.73 and 0.78, with very large t-statistics. This suggests that for deep-in-the-money options (with delta close to 1); the initial hedging cost is 74% (model I) of the underlying stock spread. Since the average spread on the underlying stocks is 17 cents, the delta hedging cost accounts for 0.74*17 cents = 12.6 cents of the option spreads of 21 to 29 cents for in-the-money options.
We also find that rebalancing costs, RC, have a statistically significant coefficient in all the models. The economic significance of the rebalancing costs, however, is very small. For example, for an at-the-money option with 60 -90 days maturity, the expected cost due to rebalancing is less than one cent. 12 The results for the initial hedging and the rebalancing costs together indicate that market makers in the options market hedge their positions, but do not face significant rebalancing costs.
To examine the effect of adverse selection costs on option spreads, we use three measures of adverse selection. All three measures are based on the underlying stocks' adverse selection 11 Theoretically, we should have 573 (number of underlying stocks) x 35 (number of groups) x 2 = 40,110 observations. Our sample size is reduced dramatically because a lot of option contracts are not traded. 12 That is, 0.2065 * 0.0295, using the coefficient in model I. Note that the coefficient already captures the constant term, and therefore we do not need to explicitly account for the ) ( 2 2 t δ π factor. We also interact the rebalancing cost variable with option volume (not reported in the table) to test the hypothesis that, if volume is high, option market makers may not have to hold their positions for long. We find that in two of our models this coefficient is negative, but not statistically significant.
costs, which we believe is a good measure of the information asymmetry between informed investors and option market makers. We find that all three measures are highly significant and positive determinants of option spreads. 13 The expected impact on the option spread is the same for all the groups and is equal to 1.78 cents (0.0393*0.4522) based on the GKN measure. This cost is a larger fraction of the spread for at-and out-of-the-money options, whose effective spreads are only 8 to 18 cents.
14 We find that the order processing costs are inversely related to volume of trade, which is consistent with the findings of Neal (1992); the coefficient estimates are statistically significant in all the models. However, the economic significance of order processing costs is low because the expected cost is less than one cent. Finally, the volatility skew measure is significant and positive, which is consistent with model misspecification. However, its economic impact is again very small.
Individual Contracts: OLS Regression and Ordered Probit Models
While the group regression results enable us to provide a clear picture of the crosssectional determinants of option spreads, they suffer from some drawbacks. First, aggregation within groups leads to loss of information. Second, consistent with the findings of previous researchers, we too find that option quotes and transaction prices are clustered, which renders OLS estimation of models (5) and (6) inefficient. Using individual contracts enables us to employ ordered-probit models, in addition to OLS models, to gauge the impact of these drawbacks. Since the results based on the ordered-probit model are qualitatively similar to the OLS evidence, for brevity we only report the OLS results in Table 4 .
The results in Tables 3 and 4 are qualitatively similar. The major differences are that the coefficient estimates for the rebalancing cost and transaction volume variables are larger. It appears that without aggregation within groups, the covariance between these variables and the option spreads, especially for the at-the-money groups where these factors may change more dramatically, shows up more readily. These differences, however, do not affect the statistical patterns and interpretations; these factors are all statistically positive and significant in both the 13 Note that the coefficient estimates of GKN and LSB are different because they measure the adverse selection components of the quoted and effective spreads, respectively. 14 In the next subsection, we provide a more detailed discussion of the effect of information asymmetry on option spreads for contracts with different moneyness and maturity.
group and individual contract regressions. 15 Since 82,605 observations are used in estmating the regressions reported in Table 4 , it is not surprising that the t-statistics are much larger than the corresponding ones in Table 3 .
Instead of relying solely on the statistical significance of the various determinants of option spreads, we calculate the economic importance of each variable. We report these estimates in Table 5 for the whole sample using the individual contract OLS regression coefficients, Panel A, and for each group using the group regression coefficients, Panel B. We only report estimates for Model I in which the GKN measure of adverse selection is used.
From Table 5 , Panel A, we can see that for the entire sample, the initial hedging costs (IC) on average contribute about half of the mean option spread (6.33 cents out of 12.87 cents).
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The adverse selection cost, using the GKN measure, accounts for 1.15 cents (8.95%) of the mean option spread. Rebalancing costs, RC, and the transaction volume, TV, also play an economically important role; RC adds 0.89 cents (or 6.93%) to the option spread, while TV reduces the spread by 0.51 cents (or 3.96%). On the other hand, although volatility skew, VS, is statistically significant in the regressions, it has a very marginal economic effect on option spreads. 17 Initial hedging costs (IC) are still the most important component of the option spread; for most option contracts they account for more than 40% of the spread. Rebalancing costs (RC) add the most, from 1.72% to 6.48%, to the spread for at-themoney contracts and contracts with long maturities, which is consistent with the change in vega.
Due to the aggregation of the dependent and independent variables within groups, the transaction volume (TV) plays a very marginal role in the group results, reducing the spread by less than 1% for all groups. The volatility skew (VS) becomes economically important for deep in-the-money and very out-of-the-money option contracts. This is understandable because the volatility skew, as a measure of model-specification error, should be most severe at both ends of the moneyness 15 Furthermore, the interaction variable between the rebalancing cost and the transaction volume is significant and negative (not reported). Therefore, higher volume leads to lower rebalancing costs. This again is consistent with the hypotheses that market makers do not hold their positions for long, or that they are able to hedge their risk exposure.
spectrum. This pattern disappears when we study the whole sample because both deep in-themoney and way out-of-the-money option contracts are not heavily traded.
Adverse selection costs, measured by the GKN variable, contribute 1.78 cents to the spread in the group regression. The economic importance of these costs, measured in percentage terms, varies from 6.15% for in-the-money options with 60-90 days maturity to 21.94% for outof-the-money options with 180-270 days maturity. This pattern suggests that informed traders may trade some option contracts more actively than others. Conversely, however, this variation could simply result from changes in the spreads due to reasons other than information asymmetry. It is therefore interesting to shed further light on the issue of whether informed agents prefer to trade certain types of contracts. In the next subsection, we estimate model (6) to further investigate this issue.
What Contracts Do Informed Agents Trade?
To estimate model (6), we employ two dummy variables based on an option contract's moneyness. We divide both the group and individual samples into two sub-samples based on maturity, and estimate the regression models separately for each sub-sample. Informed agents should trade option contracts that are sensitive to changes in the underlying stock price, (assuming, of course, that they have inside information about future stock price movements). The change of the option price in response to changes in the stock price is proportional to Price Option Delta . Based on the estimates reported in Table 1 , Panel B, it is clear that for options with less than 60 days' maturity, this ratio is highest for at-the-money and slightly out-of-the-money contracts (Moneyness Groups 4 and 5). On the other hand, for options with more than 60 days' maturity, the out-of-the-money contracts (Moneyness Groups 6 and 7) have the highest ratios.
Based on the above observation, we divide all observations in both the group and individual contract samples into three categories, and define two dummy variables to distinguish the option contracts' moneyness. The first dummy, D1, equals ONE if an observation belongs to groups 4 or 5 on the moneyness scale [that is, the variable MONEY belongs to the (-30%, 10%) range], and ZERO otherwise. The second dummy variable, D2, equals ONE only if an observation belongs to Moneyness Groups 6 or 7 [that is, MONEY is less than or equal to -30%], and ZERO otherwise. For each model specification, we divide the observations into two subsamples, the ones with maturity less than 60 days and the ones with maturity of 60 -270 days. Table 6 contains estimates of the coefficients of the independent variables in model (6).
In all regressions, we only use the GKN measure of adverse selection. 18 We are most interested in the coefficients of GKN, D1*GKN, and D2*GKN. The coefficient of GKN is positive in all the regressions over all different sub-samples. In regressions for option contracts with less than 60 days' maturity, the coefficient of D1*GKN is positive and consitently larger than the coefficient of D2*GKN. This indicates that, contrary to conventional wisdom, informed trading in the most actively traded option contracts is most intense in at-the-money and slightly out-of-the-money contracts. Conversely, however, for options with more than 60 days' maturity, the coeffecient of D2*GKN is positive and consistently larger than the coefficient for D1*GKN. This suggests that, for option contracts with longer maturities, adverse selection is higher for out-of-the-money contracts relative to in-the-money options.
In Table 7 , we report the economic contributions of the adverse selection component to the option spread in different sub-samples based on the OLS regressions. The economic contribution is calculated as the product of the mean GKN measure (reported in Table 2 ) and the corresponding coefficients in Table 6 . For in-the-money options, the coefficient is simply the coefficient for GKN; for at-the-money and slightly out-of-the-money options, the coefficient is the sum of the coefficients of GKN and D1*GKN; and for out-of-the-money options, the coefficient is the sum of the coefficients for GKN and D2*GKN. For the less than 60 days' maturity sub-sample, the individual contract regressions suggest that the adverse selection contributes 2.24, 4.41, and 1.29 cents to the spreads of in-the-money, at-the-money and slightly out-of-the-money, and out-of-the-money contracts, respectively. Translated into percentages, the economic contributions are 17.39%, 34.26%, and 10.05%, respectively. For the group regression, the estimates are 1.39, 2.04, and 1.76 cents, respectively, ranging in percentage terms from 5.36% to 23.23%.
This evidence suggests that at-the-money and slightly out-of-the-money contracts do face more severe adverse selection, with a nontrivial economic consequence. For example, based on the individual contract regressions, the adverse selection costs for these contracts could be higher by as much as 3.12 cents, which amounts to 24.24% of the option spread. For the sub-sample with more than 60 days' maturity, both the individual contract and group regressions suggest that 18 We also use the LSB and the NW measures to run the same analyses. While we do not report the results, the LSB measure shows the same (and stronger in the sense of supporting our arguments) pattern, while the NW measure does not show a clear pattern.
the adverse selection component contributes more to the spreads for out-of-the-money contracts, although not by a very significant magnitude.
In summary, and in contrast to conventional wisdom, we find that informed trading is more severe for the most actively traded contracts (which are the ones with less than 60 days' maturity). The informed trade out-of-the-money contracts more often only when their maturity is long. This suggests that informed traders seek liquid contracts, presumably to hide their identity by trading with the crowd.
Conclusion
In this paper, we develop and estimate a model for option spreads to gauge the presence and nature of informed trading in the options market. We specifically examine the role of Three important assumptions underlie the spread decomposition method of George, Kaul, and Nimalendran (1991) (hereafter, GKN) . First, they decompose the spread into only two components (adverse selection and order processing), because they assume that the inventory component is small enough to ignore. 19 Second they assume that the sequence of buy and sell orders is serially uncorrelated: regardless of the most recent order's type, the probability of "buy" and a "sell" on the next order both equal 0.50. Finally, they assume that the quoted spread is constant across transactions.
GKN compute two different return series for each stock--one based on transaction prices and the other based on quote midpoints. Let R it T be the return to stock i at time t, based on transaction prices. Correspondingly, define R it* Q as the return to security i at time t*, based on the midpoint of the bid and ask quotes. The time subscripts on these returns differ because GKN assume that the quotes are updated following each transaction. Hence, t* > t. Next define R it D = R it T -R it* Q as the difference in returns based on the transaction prices and quote midpoints for security i at time t. Finally, let S i is the quoted spread, and π i is the fraction of the quoted spread due to order processing costs. [Of course, this makes (1-π i ) the fraction due to adverse selection
costs.] GKN show that
GKN use daily data and end-of-day prices to estimate spread components, while here we use intra-day transaction prices and quotes.
Neal and Wheatley [1998] implement GKN's methodology in a slightly different manner.
In particular, they allow the proportional spread to vary through time, and they do not impose the restriction that the probability of a buy or sell is 0.50. Under these conditions, the following regression model can be used to estimate the adverse selection component of the spread:
where s qt is the quoted proportional spread at time t, Q t is a +1/-1 buy/sell indicator variable, RD t is the difference between the transaction price based return and the quote based return, and ε t is 19 Stoll (1989) documents that the inventory cost component is a small fraction of the total spread (less than 10%), and Madhavan and Smidt (1991) find that inventory effects are economically and statistically insignificant.
an error term. The estimate of (1-π 1 ) again measures the fraction of the spread due to adverse selection. We do not report the results based on the NW measure because they are qualitatively similar to those based on the GKN measure.
A.2 Method II -Lin, Sanger and Booth (1995)
Lin, Sanger and Booth (LSB) employ a regression method to estimate the proportion of the effective spread that can be attributed to adverse selection. Their approach is based on Stoll (1989) and Huang and Stoll (1994) . The main idea underlying this decomposition method is that quote revisions will reflect the adverse selection component of the spread, while changes in transaction prices will reflect order processing costs and bid-ask bounce. As in the GKN model, LSB assume that the market maker's inventory cost is zero. Unlike GKN, however, LSB estimate an order persistence parameter, which measures the probability that a buy (sell) order will be followed by another buy (sell). Let P t = transaction price at time t, Q t = quote midpoint, Z t = P t -Q t. , one half the effective spread, λ = proportion of the effective spread due to adverse selection, and δ= (θ +1)/2 = order persistence parameter.
The adverse selection and order persistence parameters are estimated from the following pair of equations:
In this model, ε t+1 and η t+1 are noise terms, while λ measures the fraction of the effective spread, which is due to the market maker's adverse selection costs. By contrast, GKN's (1-π i ) measures adverse selection costs as a fraction of the quoted spread.
Appendix B: Matching Options and Underlying Stock
The Chicago Board of Options Exchange (CBOE) uses a unique three-letter symbol to identify a series of option contracts on the same underlying security. They occasionally introduce a new symbol for option contracts on the same underlying security when the price of that underlying security changes so that 26 characters of the alphabet are not enough to indicate all the contracts with different strike prices. In addition, CBOE also uses different symbols for
LEAPs. To identify the underlying securities for each option contract traded on the CBOE, we use the CBOE's list "Historical Equity Options Listings for All Domestic Options Exchanges:
April 1973 thru August 1996." This list includes all historical equity options symbols and the name of the companies for which that option was traded. Using the Berkeley Database, we compile a list of all option symbols traded on the CBOE during February 1995. We identify 837 option symbols on the Berkeley List and, by comparing the 837 symbols with the CBOE list; we are able to match 603 stocks that were on both lists. The sample is further reduced to 575 stocks when we match the stock symbols with the TAQ and CRSP databases. We use all available information in the name structure of the CRSP header information and some CBOE historical publications to ensure that our match is correct. Finally, we exclude two of the 575 stocks because we could not obtain estimates of the market microstructure variables. This gives us the final sample of option contracts on 573 underlying stocks. where S is the stock price and X is the strike price. The options are assigned to seven groups based on 'MONEY'. The cut-off points for the 'MONEY' groups are 50%, 30%, 10%, -10%, -30%, and -50%. Within each moneyness group, options are assigned to five groups based on maturity. The cut-offs for the maturity groups are 30, 60, 90, and 180 days. The statistics reported here are based on transactions and their matched quotes (if needed. The matched quote for a transaction is the quote right before that transaction for the exactly same contract specification Effective stock spread, defined as twice the absolute value of transaction price minus its matched prevailing quote. A matched prevailing quote for a transaction is defined as the latest quote before the transaction that is at least 5 seconds earlier according to Lee and Ready (1991) . PES: Percentage effective spread, defined as effective dollar spread divided by the middle price of the matched quote. GKN: Adverse selection component defined in George, Kaul, and Nimalendran (1991) . LSB: Adverse selection component defined in Lin, Sanger, and Booth (1995) . The summary statistics reported here are based on transaction data from the TAQ database over the threemonth period from November 1994 to January 1995. 
In the model, i denotes either call (i =1) or put (i =2), and j denotes the underlying stock j. The subscripts k and l denote moneyness and maturity groups respectively. The sample consists of 8,641 observations. We first aggregate all the transactions of the call or put options on the same underlying stock within each group. We could only have a maximum of two observations for each stock within a group, if both calls and puts are traded for that group. We report t-statistics in parentheses below the coefficients, adjusted for heteroskedasticity according to White (1980 This table reports the economic importance of the independent variables -measured by the dollar amount (in cents), and the corresponding percentage (reported in parentheses), of each independent variable's contribution to the option spread. In this table we only report numbers for Regression Model I in which the GKN measure is used for the adverse selection costs. The dollar amount of each independent variable's contribution is calculated as the product of the corresponding coefficient and the mean value of that variable. For example, the contribution of the initial hedging cost (IC) for the whole sample, is 6.33 cents, which is simply the product of the coefficient for IC, 0.8501, as reported in Column I of Table 4 and the mean value of IC for the whole sample, $0.0745 (7.45 cents), as reported in Panel A of Table 1 . Consequently, it contributes 49.21% (6.33 cents divided by 12.87 cents, the mean option spread for the whole sample as reported in Panel A of Table 1 ) to the option spread. In all regressions, we only use the GKN measure for the adverse selection costs. The subscripts, which are different for the group regression and individual contract regressions, and are the same as in their corresponding regressions without the dummies as reported in Tables 3 and 4 , are omitted. For the group OLS and the individual contract OLS regressions, we divide the observations into two sub-samples, the ones with maturity less than 60 days and the ones with maturity of 60 -270 days. We estimate the regression model separately for the two sub-samples. The first dummy, D1, equals ONE if an observation belongs to 4 or 5 of the Moneyness groups, that is, this observation's moneyness, MONEY, belongs to (-30%, 10% This table reports the economic contributions of the adverse selection costs (the GKN measure) to the option spreads, based on estimates reported in Table 6 . The economic contribution is calculated as the product of the mean GKN measure, 0.4522 as reported in Table 2 , and the corresponding coefficients in Table 6 . For in-the-money options, the coefficient is simply the coefficient for GKN. For at-the-money and slightly out-of-the-money options, the coefficient is the sum of the coefficients for GKN and D1*GKN. For out-of-the-money options, the coefficient is the sum of the coefficients for GKN and D2*GKN. The percentage is calculated by dividing the dollar amount of the economic contrinution by the corresponding mean option spreads. For the group regression, since each maturity sub-sample has more than two or more moneyness groups that have the same coefficent(s) but different mean spreads, we report the range of the percentage of the spreads due to the adverse selection costs. 
Independent Variables
IC ¢ (%) RC ¢ (%) GKN ¢ (%) TV ¢ (%) VS ¢ (%)
Maturity
